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H. THOMAS GOODWIN
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The Spermophilus richardsonii complex
includes two closely related ground squirrels occupying the northern Great Plains
(Spermophilus richardson;i, Richardson's
ground squirrel) and three disjunct areas
within the central Rocky Mountain and
northern Basin and Range regions (Spermophilus elegans, Wyoming ground squirrel). S. richardsonii is monotypic (Michener
and Koeppl, 1985), and S. elegans includes
three subspecies. S. elegans elegans has a
distribution centered in southern Wyoming
and northern Colorado, S. e. aureus occurs
in southwestern Montana and northeastern
Idaho, and S. e. nevadensis is primarily distributed in northern Nevada (Zegers, 1984).
The two species meet along a narrow contact zone in southwestern Montana (Koeppl
et a!., 1978; Nadler et al., 1971). S. richardsonii and S. elegans differ karyotypically
(2n = 36 and 34, respectively-Nadler et
aI., 1971), acoustically (Fagerstone, 1982;
Koeppl et aI., 1978), and in aspects of morphology (Fagerstone, 1982; Howell, 1938;
Robinson and Hoffmann, 1975).
Late Pleistocene fossils referred to the S.
richardsonii complex are common across
the central and northern Great Plains (N euJournal of Mammalogy. 79(4):1161-1169. 1998
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ner, 1975) and extend as far south as New
Mexico (Harris, 1989). Neuner (1975) studied fossil material available at that time,
concluding that the two extant species originated recently, perhaps since the end of the
Pleistocene. If this hypothesis is correct,
fossils may best be referred to S. kimballens is, originally described as a new Pliocene ground squirrel (Kent, 1967) but probably representing intrusive Pleistocene
specimens of the S. richardsonii group.
Hybrids of S. richardsonii and S. e. aureus were reported and studied in the vicinity of Harrison, Madison Co., southwestern
Montana, by Nadler et al. (1971) and
Koeppl et a!. (1978). Of 24 individuals
from a colony a few kilometers NE of Harrison (exact location not given), four had
hybrid karyotypes (2n = 35), one was
karyotypicaIly S. richardsonii, and 19 were
karyotypically S. elegans (Nadler et aI.,
1971). Hybrids between S. richardsonii.and
S. elegans differ from both parental types
in acoustical behavior (Koeppl et aI., 1978).
Koeppl et al. (1978) reported hybrids at colonies NE (1.5 miles N, 2 miles E), ESE (1.5
miles S, 3.5 miles E), and SSW (6.5 miles
S, 1.5 miles W) of Harrison. However, a

Downloaded from https://academic.oup.com/jmammal/article/79/4/1161/845823 by guest on 02 July 2021

A supernumerary distal upper molar, always expressed bilaterally, occurred in Pleistocene
(one of 204) and Recent (five of 1,667) specimens of the Spermophilus richardsonii complex. Among Recent specimens with the abnormality, three of four with known provenance
came from adjacent colonies with hybrids of S. richardsonii (Richardson's ground squirrel)
and S. elegans (Wyoming ground squirrel). Elsewhere, the trait was rare in S. richardsonii
(one of 947) and absent in S. elegans (out of 668). Affected individuals exhibited normal
P3-M2, but two aberrant teeth distal to M2. Aberrant teeth exhibited a mosaic of features
typical of M2, M3, and atypical of any normal tooth. The trait was inferred to be hereditary.
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poses, small samples of dentally normal S. richardsonii (n = 9), S. elegans aureus (n = 8;
the subspecies hybridizing with S. richardsonii
in southwestern Montana-Nadler et aI., 1971),
and individuals from hybrid colonies (n = 4)
also were measured. All measurements were
taken with a moveable-stage micrometer attached to a stereoscope. These comparative samples were obtained from collections listed above
and included only adults. Sample sizes of specimens with supernumerary teeth were too small
to support statistical comparisons; thus, quantitative comparisons with reference samples were
simply graphic.

MATERIALS AND METHODS

RESULTS

I examined skulls of S. richardsonii, S. elegans, and hybrids of these two species in col-

lections of Recent mammals at the University of
Kansas Museum of Natural History (KU), University of California Museum of Vertebrate Zoology (MVZ), Field Museum of Natural History
(FMNH), University of Michigan Museum of
Zoology (UM), and United States National Museum of Natural History (NMNH), All skulls
available for inspection during visits to museums were examined. Each maxillary and mandibular cheektooth series was inspected for supernumerary distal teeth; missing series were
noted. To be used in this study, at least one maxillary series was preserved on a specimen; however, most specimens (>90%) preserved both
maxillary and both mandibular cheektooth series.
I examined Pleistocene (mostly late Pleistocene) fossils assigned on dental morphology to
the S. richardsonii species complex in the collections of fossil mammals at KU, University of
Michigan Museum of Paleontology (UMMP),
and University of Nebraska State Museum
(UNSM). Maxillae and skulls were inspected directly for supernumerary distal molars (or alveoli indicating their presence). Isolated M3s were
inspected for aberrant morphology associated
with supernumeraries in Recent specimens. Fossils of lower jaws and teeth were not examined.
Greatest length and width of each maxillary
cheektooth (when preserved) were obtained
from one side of adult specimens with supernumeraries and adequate provenance data. One
specimen with supernumeraries was excluded
because of unknown provenance and another because it was a juvenile. For comparative pur-

Occurrence and distribution of specimens with supernumerary teeth.-Five of
1,667 Recent specimens bilaterally expressed supernumerary distal upper molars;
no lower supernumeraries and no supernumeraries at other upper-tooth positions were
observed. One of 947 specimens of S. richardsonii (MVZ 54561) expressed that abnormality, an adult female collected in 1932
near Brandon, Manitoba (Fig, I), The trait
was absent from samples of S. elegans outside a localized hybrid zone in southwestern Montana-S. elegans aureus (n = 191;
northwestern Idaho, southwestern Montana), S. e. elegans (n = 419; Colorado, Nebraska, Wyoming), and S. e. nevadensis (n
= 58; southern Idaho and Oregon, northern
Nevada; Fig. 1). In contrast, three of 51
specimens from two adjacent hybrid colonies NE of Harrison, Montana (Fig. 1), expressed the abnormality. TWo of these (KU
121723, 130823) were identified as S. elegans aureus and one as a hybrid of S. e.
aureus and S. richardsonii (KU 121781),
All three specimens were female; two were
adults and one juvenile. Aberrant specimens from hybrid colonies were present in
samples collected in 1969-1970 (three of
30) but absent from samples taken in 19711973 (out of 21). The abnonnality was
strikingly localized to these hybrid colonies; it was absent from samples of 306
specimens of S. richardsonii and 91 speci-
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survey of extensive museum collections
made in the vicinity of Harrison (Fig. 1)
only yielded specimens labelled as hybrids
from two adjacent colonies NE of Harrison.
Morphological patterns across this hybrid
zone have not been reported. In this paper,
I document and describe a recurrent dental
abnormality in the S. richardsonii complex
that is relatively common in the hybrid colonies NE of Harrison but rare elsewhere. I
also show that this abnormality has been
present in the S. richardsonii complex since
the late Pleistocene.
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FIG. I.-Geographic distribution of samples of the S. richardsonii complex examined for supernumerary teeth (overview map, inset; localities correspond to counties with samples), and local
distribution of samples in the vicinity of Harrison, Madison Co., southwestern Montana (detail map;
specific localities given, with sample sizes indicated). Arrows depict localities that include individuals
with supernumerary teeth. Detail map depicts contour intervals with differences in shading, locations
of towns (names in all caps) with the symbol of the sample collected from the town (in key).

Downloaded from https://academic.oup.com/jmammal/article/79/4/1161/845823 by guest on 02 July 2021

(n=5)

ll64

JOURNAL OF MAMMALOGY

taining both maxillary toothrows (UNSM
20024), bilaterally expressed supernumerary distal molars. This specimen was recovered from loess, probably the Loveland
Loess (L. D. Manin, pefS. cornm.). at the
Beaver Crossing locality, Seward Co., Nebraska (Fig. 1). The specimen clearJy was
Pleistocene and probably was late Illinoian
in age (based on occurrence in the Loveland
Loess-Goodwin. 1995). Beaver Crossing
was the easternmost locality yielding fossils
examined in the present study.
Delllal morphology.-The P3 to M2 of
specimens with supernumerary molars
(Figs. 2a and 2c) closely resembled normal
individuals (Fig. 2d) in occlusal pattern of
cusps and lophs, but sometimes varied in
size or shape from reference specimens
(Figs. 3a and 3b). The affected specimen of
S. richardsonii exhibited narrower P4 to
M2 than did normal conspecifics. Abnormal
specimens from hybrid colonies, identified
as S. elegans or as hybrids of S. richardsonii and S. elegans, exhibited a relatively
wide P4, resembling dentally normal individuals from the same colonies and foUow ing shape relationships exhibited in the reference sample of S. richardsotlii (Fig. 3a).
The M I and M2 of affected hybrids were
relatively smal l compared with modem reference samples (Fig. 3b). The single fossil
with supernumerary teeth was small in size
but resembled S. richardsonii in shape
(Figs. 3a and 3b).
The two distal maxillary teeth of affected
individuals, herein termed M3A (mesially
positioned) and M3B (distally positioned),
respectively, were abnormal in size, shape,
and occJusal pattern of lophs. Both teeth

>------<

2mm

b~

FIG. 2.-a~) M axillary chcekteeth of speci-

mens with supernumerary teeth: a) S. richard(MVZ 54561)-left P3 through M 3B: b)
hybrid of S. richardsonii and S. elegans (KU
12178l)-right M3A and M3B; c) Pleistocene
fossil representing the S. richardsonii complex
(UNSM 20024)-left P4 through M3B. d) Normal specimen of S. richardsonii (MVZ 54562)
for comparison-left P3-M3. Drawings of a-c)
by S. Hayward.
SOli;;

were invariably shorter and relatively wider
than the M3 of reference specimens (Fig.
3c). Length of these two teeth in a singJe
individual varied from subequal (MVZ
54561 , KU 121781), to a substantially longer M3A (UNSM 2(024), to a substantially
longer M3B (KU 121723). On a single
specimen, M3A always was wider than
M3B (Fig. 3c).
The M3A combined attributes typical of
M2 and M3 with features atypical of either
tooth. It always bore at least a partial metaloph. When complete, the metaloph usually projected distobuccally from the protocone (Figs. 2a and 2b), diverging buccally
from the protoloph more strongly than was
typical of normal M2 and M3 (Fig. 2d); one
juvenile specimen with partially erupted
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mens of S. elegans Oflreus collected s 10
km of the hybrid colonies (Fig. I).
An ""catalogued adult specimen, with
insufficient provenance data to place confidenlly. but likely from the hybrid zone (R.
Patterson, pers . comm.), likewise exhibited
the abnormaHty. The sex and specific identification of that specimen were unknown.
One of 204 fossil specimens of the S. richardsonii complex, a fragmentary skull re-
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FIG. 3.-Scatter plots of length versus width (in mm) of reference specimens and specimens with
supernumerary teeth for a) P4, b) M2, and c) M3. For c), M3A (marked A) and M3B (marked B)
of the same individual are connected with a line to facilitate interpretation.

M3A (KU 130823, not figured) bore a buecally projecting metaloph closely resembling M2. The form of the metaloph on
M3A varied from a prominent ridge incorporating a metaconule and extending to a
prominent metacone (Fig. 2a), resembling
normal M2 (Fig. 2d), to a less-developed
ridge lacking metaconule and metacone
(Fig. 2b), resembling nonnal M3 (Fig. 2d),
to a short ridge extending buccally from the
protocone then turning abruptly distobuccally (Fig. 2c), unlike either nonnal M2 or
M3. Distal to the metaloph on M3A was a
small posterior cingulum. never the extensive cingulum characteristic of nonnal M3
(Fig. 2d). The cingulum was compressed
mesiodistally and transversely elongate in
some specimens, as on a nonnal M2 (Fig.
2a). but formed a small shelf bounded mesially and buccally by a distobuccally
curved metaloph on other specimens (Figs.

2b and 2c), unlike either M2 or M3. Between the paracone and the buccal end of
the metaloph there characteristically was a
prominent mesostyle (Figs. 2a. b, and c),
found on a normal M3 but not typically on
M2 (Fig. 2d).
The M3B was less like normal M2 in
form; it usually broadly resembled normal
M3 in occlusal outline. especially the distally expanded posterior cingulum. An exception was the fossil specimen with flattened mesial-mesiobuccal surface, perhaps caused by wear, and with a less distally elongate posterior cingulum (Fig.
2c). The metaloph varied from well developed but lacking a metaconule or
metacone (Fig. 2c), as evidenced by normal M3 (Fig. 2d), to absent or represented
by a small conule or short loph (Figs. 2a
and 2b)-an attribute atypical of both normal M2 and M3.
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DISCUSSION

respondence between known hybrid colonies (based on museum records) and a
strikingly localized concentration of
ground squirrels with supernumerary
teeth (Fig. 1) demonstrates that hybridization significantly enhances expression of
the trait. Koeppl et al. (1978) also reported hybrids from a slightly broader area,
extending Sand E from Harrison. but
none of the specimens I examined from
this area were identified as hybrids, and
none expressed supernumerary teeth.
In general. the effect of interspecific
hybridization on dental morphology of
mammals is documented poorly. Heidil¢rgensen and Reeves (1993) reported an
odontocete skull with highly aberrant
teeth and suggested hybridization of Monodon monoceros (narwhal) and Delphinapterus leucas (beluga) as possible
cause. Natori (1990) investigated multivariate variation in postcanine dentition of
three species of Callithrix (marmosets)
and conduded that C. kuhli was not a hybrid of the other two species because it
was not intermediate in form between putative parental species. However, Hayes et
a1. (1990) reported that several probable
hybrid specimens of Papio (baboons)
from Malawi were not dentally intermediate but had the mesial dentition of one
putative parental species and the distal
dentition of the other. Significantly, one
probable hybrid baboon from Malawi bilaterally expressed supernumerary -maxillary canines (Freedman, 1963; Hayes et
aI., 1990), the only other record documenting supernumerary teeth in an interspecific mammalian hybrid.
All four abnormal Recent specimens of
known sex were female, but this may be
accidental. Females were more common
than males in the combined sample from
hybrid colonies and S. richardsonii (558
females, 385 males, 55 uncertain). Given
these frequencies and assuming that the
trait was randomly distributed throughout
the population. the probability that all
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Supernumerary teeth have been documented across a broad taxonomic range of
Recent rodents (Hystricognathi-Hystricidae, Echymyidae, Caviidae, Erethizontidae, Myocastoridae; Sciurognathi-Sciuridae, Castoridae, Dipodidae, Muridae
including murines, cricetines, and arvicolines~Mein, 1988; Miles and Grigson,
1990). Mein (1988) reported supernumerary teeth in Sciuridae (he anecdotally noted a single Recent individual of Sciurus
vulgaris bilaterally displaying distal mandibular molars) and documented possible
supernumerary teeth in fossil rodents; two
aberrant Miocene fossil teeth referred to
Democricetodon (Muridae) perhaps represent distal mandibular supernumeraries.
Reported supernumerary teeth in rodents most commonly occur distal to the
maxillary cheekteeth, expressed unilaterally (Johnson, 1952; Lechleitner, 1958;
Major, 1904; Miles and Grigson, 1990) or
bilaterally (Hooper, 1957; Krutzsch, 1953;
Schwann, 1906; Sheppe, 1964), or distal
to the mandibular cheekteeth (Mein,
1988; Miles and Grigson, 1990; Sheppe,
1964). Johnson (1952) and Hooper (1955)
interpreted scattered occurrences of distal
supernumeraries in rodents as possibly atavisms, suggesting alternative homologies
for rodent teeth. However, such speculations have been criticized and generally
abandoned (Miles and Grigson, 1990;
Sheppe, 1964). More rarely, supernumeraries occur at other tooth positions as well
(e.g., mandibular incisors-Hansen, 1956;
mesial to mandibular cheekteeth~Harris
and Fleharty, 1962; mal-positioned mandibular cheekteeth-Sheppe, 1966; apparent insertion between M2 and M3-Hooper, 1955).
The single case from Manitoba (MVZ
54561), > 1,000 km NE of the hybrid zone
(Fig. 1), documents that hybridization is
not essential for expression of supernumerary teeth in the S. richardsonii complex. However, the exact geographic cor-
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trait's allelic frequency in S. richardsonii
because the allele will be expressed if
present, unmasked by alleles provided by
S. elegans-this is a conservative estimate because some individuals in hybrid
colonies certainly are not FI hybrids. Using this estimate of allelic frequency, expected phenotypic frequency for the trait
in pure populations of S. richardsonii can
be estimated (square of allelic frequency
= 0.0035; 3.3 of 947 individuals, again a
conservative estimate). Small samples for
abnormal specimens compromise statistical comparisons, but observed frequency
in S. richardsonii (1) seems meaningfully
lower than this conservative expected frequency (3.3).
M3A and M3B of affected individuals
are aberrant in form and usually differ
markedly from each other in a single individual. Both of these observations indicate that supernumerary teeth in the S.
richardsonii complex do not result from
splitting of a tooth germ after it has
formed-a process expected to produce a
dental twin of a normal tooth (Schwartz,
1984; Wolsan, 1984). Despite the highly
variable, aberrant morphology of M3A
and M3B, indicating some loss of developmental control relative to normal individuals, affected individuals also possess
features corresponding to normal mesiodistal dental gradients. As examples, both
aberrant teeth usually are elongate distally
relative to M2, characteristic of M3 in
normal dentitions, and M3A, adjacent to
M2, is more like M2 than is M3B. Overall, these observations indicate that the
developmental gradient(s) regulating formation of tooth primordia (affecting tooth
number) and morphological development
of these primordia (affecting tooth form)
have been altered distally but not abandoned. The altered developmental gradient could be extrinsic (e.g., a morphogenetic field) or intrinsic (e.g., a time-dependent signal within developing cell
lines); both models are reviewed by Miles
and Grigson (1990).
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four observed cases would be female is
0.10.
Distinguishing among environmental
interference, somatic mutation, and inherited defect as cause of supernumerary
teeth in rodents often is complicated by
low sample frequencies, usually single
cases per species. Occurrence of multiple
cases within a species or species complex
may allow more meaningful interpretation
of causation. For example, Sheppe (1966)
documented a localized concentration of
house mice (Mus musculus) with mal-positioned lower supernumerary teeth and
inferred a hereditary cause. In the S. richardsonii complex, presence of a recurrent bilaterally expressed abnormality
across space and time implies a hereditary
basis. Spontaneous somatic mutation during or environmental interference with
normal development should commonly
result in unilateral expression of supernumerary teeth, because such alterations
may occur after differentiation of the two
sides of the jaw. There is experimental evidence of hereditary control of supernumerary teeth in other rodents. Abnormal
supernumerary lower incisors in experimental populations of Mus musculus (Kalter, 1980) and a dental abnormality involving both fused and supernumerary
cheekteeth in experimental populations of
Oryzomys palustris (marsh rice rat; Sofaer
and Shaw, 1971) have a hereditary basis-the latter dependent on a single autosomal recessive gene.
The nature of the genetic defect in the
S. richardsonii complex remains unknown. The trait was absent in samples of
S. elegans, rare in samples of S. richardsonii, and relatively common in hybrid
colonies, perhaps suggestive of a rare autosomal recessive allele in S. richardsonii
absent in and not masked by normal alleles of S. elegans. If all individuals in
hybrid colonies are assumed to be FI hybrids, this model predicts that frequency
of mutant individuals in these colonies
(three of 51; 0.059) should estimate the
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The late Pleistocene fossil with supernumerary teeth gives historical dimension
to this trait, with its peculiar Recent distribution. If the fossil is late Illinoian in
age, the trait has considerable antiquity in
the lineage (>120,000 years based on current age estimates-Goodwin, 1995). The
trait was uncommon in the late Pleistocene, as it is today. It might be instructive
to reexamine data for late Pleistocene S.
richardson ii-type fossils, analyzed by
Neuner (1975), to determine if the affected specimen lies in a tension zone between two morphologies (possibly interpretable as a hybrid zone). Practically,
students of Pleistocene mammals should
be aware of the aberrant morphology to
avoid potential taxonomic confusion if recovering an aberrant fossil tooth.
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